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CERAMIC FABRICATION PROCESS BEFORE FIRING-SURFACE 
TREATHENTOF CfeRAMiC POWDER 


This text discusseE surface treatment of powders. 
Surface treatment has been practically used for many years. 
However r here ve will mainly discuss surface treatment from 
the points of improvement of the surface and a uniform 
powder mixture. This fiel^ may be very Important for tl^ 
development of fine ceramics. 


/is/ 

Introduction 

In discussing atomic arrangement of a single salt 
crystal by disruption, etc. of molecular rays, it is known 
that the structure of the surface of the crystal is 
different from the Ir ide and that some sodium ions shift to 
the inside, while chlorine ions shift to the outside. The 
fact that the atoms, ions, and molecules at the surface are 
located in asyirmetrlc potential sites is one factor in this 
type of structure. 

Powders have a particularly large surface area in 
comparison to their bulk volume and various disturbances are 
seen at the surface for the above-mentioned reasons. 

Furthermore, during powder manufacture processes, for 
instance, external force is exerted during pulverization, 
etc. and disorder of the crystal structure is produced. 

This leads to defects and changes in the chemical 
composition. Consequently, chemical groups (functional 
groups) are produced by absorption of air (steam, oxygen, 
etc) from the atmosphere. 

Consequently, when powders are used, it is necessary to 
determine their surface state in order to use the 
peculiarities of each powder. A technology for making 
"reproducible" surfaces and a technology for providing new 
functions are necessary. This is the purpose of surface 
treatment. It is necessary to device new methods for 
determining the properties of these powder surfaces. This 
text pertains to these new ideas and methods. 

Few works have been published on surface treatment of 
ceramic particles. This may be due to the fact that there 
is little information and knowledge on surface treatment or 
to the fact that no substantial progress has been made in 
the way of surface treatment. However, the former appears 
to be due to the latter. 

In order to improve the properties of ceramic products, 
and to develop new products with new functions, the 
applications in Table 1 have been considered. Therefore, it 
appears that surface treatment of ceramic particles should 
ultimately be applied.. 


*Nuir.bers in margins indicate foreign page number. 
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Surface treatment of powders is being carried out for 
various purposes^ Tberefore^ we should explain ^application / 

of basic technologies to ceramic particles. As was 
previously mentioned, there have been few examples of 
surface treatment of ceramics and few reports on the results 
of these procedures, such as how properties were Improved, 
etc. Consequently, there are few tables and figures and 
relatively few references. In the future, ve would like to 
see this discussion continued and the conclusions reached in 
this paper confirmed. 


Table 1 Application of Surface Treatment 
Purpose of 

Treatment Details 


" Prevention of 
coagulation of 
crude powder 


Process 

technology 


/ Moldability 


Sinterability 


High polymer 

layer or nonhycroscopic 

inorganic layer 


Obtain high dispersion 
into molding binder by 
using surfactant or 
nonhygroscopic pglymer 
layer; particles 

Formation of surface with 
small amounts of sintering 
agents when necessary; 
improvement of surface 
energy, disorder, etc. 


r Particle 

boundary control 


Functions ^ 


Improvement of property 
reporducability at 
particle boundary, 
treatment for new 
functions. 


Particle surface 


Provide highly selective 
surface reaction layer. 


^.ppli cation 
to composite 
system 


Interaction of 
particles and 
matrix 


Provides polymer surface 
that will react with 
matrix. 


♦iDescribed in edition on "molding." 
*2y:ediu:r in which particles are dispersed. 
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VI1I*1 Purpose of Surface Treatcant 


1.1 Stability of Cereunic Powders and Surface 

There are nany times when it is necessary to store 
crude powders for long periods of time until they are usef. 
When the powder particles coagulate or adherer the apparent 
particle diam'^ter during sintering or melding changes and 
there are various changes in the properties of the mold or 
sintered unit. It has become necessary to perform surface 
treatment to prevent coagulation and adherence of fine crude 
powders. For instance/ alumina readily absorbs moisture in 
comparison to oxide powders and threefore, there is a strong 
tendency for the particles to coagulate due to the surface 
water. The formation of a titanium oxide layer on the 
surface by a technology that will be mentioned later is one 
method for preventing this type of coagulation. 

When deterioration of the powder occurs due to activity 
of the ceramic powder surface when a polymer material is 
used for the matrix, it is necessary to carry out surface 
treatii-ent in order to stabilize the surface of the powder. 


1.2 Improverent of Koldability 

The quality of the green sheet will have a strong 
effect on the various properties of the IC ceramic 
substrate. Although there are vaiious properties that a 
green sheet must have, among these, the fact that the sheet 
ir smooth and dense and thickness is uniform depends to a 
J *ge extent on the starting powders. 

In general, molding is performed prior to the sintering 
process in the manufacture of cera-'ics. There are many 
cases when slurries of the ceramii. powders are made usii j an 
organic material whose main component is a polymer. The 
properties of the slurry have a large effect on ;_oldability er. 
it is therefore necessary to obtain a good slurry, 

A slurry superior in qjoldability is characterized by 
the fact that the rheology of the slurry is suitable, the 
powder is uniformly distributed through the slurry as 
primary particles, it is easy to maintain this type of 
stable condit’on, and absorbency and dampness of the slurry 
are goo"’. 


♦Details on r Iding are mentioned : the notes and in the 

edition on e uldinc. 
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The organic materials that are used for the above- 
mentioned purpose during sintering are very combustible and 
no residue should be found after sintering. It is necessary 
to select a material that is readily eliminated by 
combustion. However, it is also important to use the 
minimum amount of organic material necessary. 

In addition to making a slurry by mixing c .ly the 
organic materials and crude povderr presurface treatment of 
the powder with the organic material is also effective for 
satisfying the above-mentioned requirements. 

In Older to improve moldability, surface treatment 
should be considered for making fine povders in order to 
Improve fluidity of the powder and to improve moldability. 


1.3 Improvement of Sintering Properties 

When light-permeable alumina is made,- a small amount of 
MgO is added to adjust the extent of particle growth during 
sintering. With regard to the amount of MgO that is added, 
when excess MgO is used, a phase thr.t differs from the 
refraction coefficient of MgO is produced and permeability 
s reduced, even though there is an increase in the 
_ ermeabiiity when the number of air holes is reduced. 

Since nitride ceramics, which are in demand as new 
heat-resistant materials, are difficult to sinter, MgO, 

YjO^r etc. are used as sintering agents. However, when too 
much is added, the strength of the silicon ricride itself at 
high temperatures deteriorates, k technology for 
manufacturing nitride ceramiics withou*- any additives is 
needed. This has been studied and at the present time the 
process whereby p jducts are manufactured under normal 
pressure is advantageous from the point of cost. In this 
case, the minimum amount of additive is necessary. 

Mechanical s ength deteriorates when a sinterin*. agenu 
is added because it is not uniformly distributed throu 'hout 
the product after sintering. In order to prevent this from 
happening, the agents should not be simply mechanically 
mixed with the ceramic powder. The application of a surface 
treatment technology whereby the ceramic powder is uniformly 
coated with the minimum amount of agents with a small 
particle diameter /Or whereby the surface of the ceramic 
powder is coated with a thin film of the agent, is being 
considered. 

1.4 High Performance of Grain \f_er 3int ings 

Various elements are know, that use t semicond .ct. . e 
properties of the ceramic. Theie are elmer.'S that use the 
properties of the c ystals themselves and elements that use 
the surface propert-es. ZnO barlrters, PTC thermistors. 


/154 
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<tc,, are examples of elements that use the pro: ertles of 
< he particle boundaries. 

Of these, we will consider Zr.O barlsters. Although ZnO 
I'^is high resistance, resistance decreases when a donor 
position is formed due to xcecs zinc. Khen a rare earth 
element oxide and cobalt cxice are simultaneously ad led to 
ZnO, a high-resistance layer is formed near the particle 
boundary and the voltage-current property becomes nonlinear. 

As shown in Figure 1, SnO-Bl^O, baristers often provide 
good thin layers [1]. When we consider the fact that the 
precipitate of Bi 20 -j has a strong effect o ' properties 
of ZnO baristers, becomes obvious that c >r.trol of this 
precipitate layer is very important for controlling 
variations in properties. Ti*erefore, the ZnO and r-ijO, 
should not be simply mechanically mixed. Thesy sbould"^ 
probably be treated so that a uniform thin layer of the 
Bi202 coats the surface of the ZnO particles. 



Figure 1 ZnO Barister: Se-condary Electron of 

Particle Phases /vfter Pc-^ovel of ZnO Particles by rerchloric 
Acid TrcatiTient Tr<ken Kith Scanning Electron KicroDcope 

31 (19 77)) 


•The development cf ceriirics having new functions is 
anticipated with the production of various particle boundary 
layers by surface treatricnt of ceramic particles. 


1.5 nigh Performance Surfaces 

There are catalysts that are used for the high 
performance surface functi ens . In thxs field ceramics have 
often been used as a carrier that uses fine pores in the 
surface. However, another role of the carrier is to add 
catalytic effects to the ceramic itself. The surface layer 
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has a riolecul'r arrangement that differs from that inside 
the particle. There are also cas. s where activity is 
increased as a defected structure is produced. Tnis is the 
reason why the particles are used as catalysts. Boweverr 
the fact that the surface layer has a high activity with 
surface treatment should also be considered. 

There are also cases where the surface functions are 
employed to the moximum extent, such as in various sensors. 
In order to obtain a high selectivity in tests on gases by 
absorption, etc., the surface is being created with an 
atomic scale. 


1.6 Compounds with Other Materials 

There are compounds that are obtained by dispersion of 
a Graphite ceramic superior in heat resistance in a metallic 
matrix. The properties of the final product improve with 
or increase In the interaction at the interface betwe-in the 
ceramic powder that is dispersed and the metal matrix. A 
method for improving this interaction involves improvements 
of compatibility between the ceramic powder and the metallic 
matiix. Therefore, a thin layer of the metal should be 
applied to the ceramic powder by surface treatment. 

The final product is pliable when the iriatrix metal is 
plastic instead of metallic. It is therefore possible to 
ii'.expons ively manufacture the final product ancl increase 
surface area. Composite materials obtained by dispersion of 
the cera^.ic in plastic will probably be seen in the future. 
Tor instance, there are ultrasonic sensors in which a 
ceramic powder is dispersed in a polymer matrix. In order 
to improve the properties of the final product, interaction 
between the plastic material and cerar.ic should be improved. 
Therefore, we should consider surface treatmient of the 
cera.nic powder with a specific polymer material. 


VIII. 2 Surface Treatment Technologv' 

Judging from iraterials, the fclloving surface-treatment 
layers can be produced. 


Inorganic 


surface treatment 


layers 


-thin film treatment layer 
*-fine powder coated layer 


Organic treatment layers 


-Coupling agent layer 
-Surfactant layer 
-Polyrcer-coated layer 
-Polymer reactive layer 
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Figure 3 Piocc^? By rhlch a Ic Pbryj;\3j|iate Surf^ioc 

Treatment Pilm is r*c Jc. 

Key: a. pewder 

b. dispersion in water 

c. addition of alumlimm butyrate 

Q, addition of ortbo or meta phoiphalc^ C, ph cf 6 
or lese, 20 minutes 
c- . washing drying 

f. (formation of a colloidal elnrin :,. phocpl ate 
con ilex surface treatment laycij 


TLe ^«bnvc'-r<='nticr'id "hows an eyairpif: cf t^': foriTction 
of a treatment leyor using a liquid reectirn. » >vr -or, it 
f -m also be cartj-cd o.i*" ty accurr.nletif >n of dicso'»(.i 
inorganic cubstunces on the particle suciacc , 

(c) Formatim cf a Silicon Oxide Trrc.ir.eut Ta’.cr 

7.n eyample '»t production of a si3 icon rroaLi.icnt 
l.-yer on ic;.;tal3ic particles is shown in F.lcuio 4, in th-» 
piod.iction of an eque:>us solution of a bili<-ai:e, particifs 
have I eon cispoi sri in the -olution, an acid it> added and 
die .''Ived to otcain undissc .ved silic -tcs tha t precij_>it ite 
to I' e surface rf the particles. Hr^Gveif ad j ustnent of the 
pH cf the irixturc of the silicate solution ancj acid is 
dlffxcult. The ccuditions of the rate of addition of the 
acid and stirring to the solution h."vo a strong effect on 
the properties of tl>e treatment layer. Therefore, the 
KfcLhcd in Figure 4 is preferred. 

The mecb?niPTn by which binding properties are improved 
iro’rlves substitution of the aluminurc atoms with silicon 
at v'n which form siloxare bends in the silicate. These 
fnte. the precipitated particles and become anionic due to 
exercs electrons at the substitution sites. It is 
particularly easy for these groups to bond with metals and 
alloy powders. Fuithernore, the mechanism by which the 
surface treatment layers are produced by above-mentioned 
methods in (d)-(c) is a topic for future studies. 
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These types of treated films can be produced by the 
fclloving technologies. 

2,1 Formation of Inorganic Surface-Treated Layer /155 

These are used for stabilization of the particle 
surface, improvement of sintering properties, high 
performance of grains after sintering, and high performance 
of particle surfaces. 

2.1.1 Gas Treatment 

(a) A treated^layer can be applied to the surface of a 
particle using CVD, The Svample is placed in a contairer, 
which is then placed in a reaction tube. Reactive oas is 
passed through the tube co that the decomposition product of 
the reactive gas will accumulate on the powder surface. A 
great deal of skill is necessary for the method whereby the 

.decomposition product is uniformly coated on the powder in 
the container. 

(b) A treated layer is formed on a powder surface that 
has been produced by introduction of treatment gas when the 
powder is produced during the production of a powder from a 
gas phase. When TiO- is produced by pyrolysis of TiCl., 
metallic vapor is introduced to part of the powder so that a 
thin metal film is formed on the Ti 02 surface. 

(c) Gas etching treatment is also possible. For 
instance, the surface can be changed by bringing an oxide, 
hydroxide, carbide, etc. of an alkaline earth metal that is 
reactive with an acidic gas intro contact with an acidic gas 
that has a water coiitent of 0.1% or less. When hydrogen 
fluoride gas is brought into contact with calcium carbonate, 

etc., the surface changes and becomes calcium fluoride. 

Sulfurous acid gas, phosphoric acid anhydride, chlorides of 
titanium, aluminum, zinc, silica, etc. or fluorides may be 
used in the treatment. 

2.1.2 Liquid Phase Reactions 

A treatment layer may be form.ed by accumulation of an 
inorganic synthetic reactive substance on the surface of the 
powder. Various types of inorganic synthetic reactions are 
known. Therefore, any treatment layer may coat the 
particle surface. However, the production of a uniform 
layer is difficult. 

In general, reaction solvents contain a large amount of 
water and therefore cannot be applied to hygroscopic or 
hydrolytic powders. The manufacture of a layer using a 
reaction of an organic complex in a solvent and then surface 
treatment by heating, etc. should be considered. 


*Clitmical Vapor Deposition: refer to section V. 
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(a) ExaiT'ple of Production of Oxide Treatment Layer 
The simpleBt example is the method shown in Figure 2, 
whereby an aluminum oxide or titanium oxide film is formed 
on the surface of titanium oxide. TiCl.r Til.# TiBr.r 
titanium sulfatCr tetraethyltitanate, tetraticanate 
butyrate, etc. are known as materials for making the 
titanium oxide film. aKOR)^# AlCl^r aluminum sulfate , 
tributoxyaluminum, etc. are known as materials for making 
the aluminum oxide film. 


V»|i. ' ^ ^ " 'I ■ f. ‘ 






TK. I, iKifi.'itit'n 
, pll H.S-IO.S 


Al, X 

pll h. .-10.S 




TiO, 
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I in (,{u |.M s.i' 
a'l , 15 '/t 


plI 7 . 
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Figure 
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2 Process By Which A Surface Treatment Layer of TiC 2 
AI 2 O 2 is formed on the surface of Ti02 Particles 


Key : 


a. oxide 

b. suspension (sodium salt in dispersant) 

c. Ti 02 particles produced 

d. Ticf* solution added 

e. Al 2 (SO ^)2 solution added 

f. TiOj surface layer formed 

g. ECl added, pH 5.0, 60®C, 15 minutes 

h. adjusted to pH of 7 

i. washed and dried 

j. AI 2 O 2 surface layer produced 


(b) Formation of Metallic Phospate Treatment Layer 
The method whereby metallic phosphate polymeric film is 
made is shown in Figure 3 as an example of a complex 
treatment film. Furthermore, light permeability is used in 
the reaction monitor. When ammonium fluoride, etc. is added 
to the slurry, the fluoride ions, etc. enter the treatment 
layer. 


8 


a b .c- 

j».i » 


e 

.f>ivl,';;w*').W4at i,*.. 

W'. I**< • iillii •«!. 'J> II f'fr 



:*•*< *‘H tr.'-. : 


) 


Ficure 3 Process By ;:hlch a Metallic Pbcj^^sjliate Surface 

Treatment Film is 3c 

•Key: a, powder 

b. dieperslon in water 

c. addition of aluminum butyrate 

d. addition of ortho or meta phoj:phale» 4C^C/ ph cf 6 
or lessf 20 minutes 

e. washing and drying 

f. (formation of a colloidal elnTninn:.i pl.ocphate 

complex surface treatment layei) 


The «bovc**ir^ntion^d shows an exarr.plc cf th': forrretion 
of a treatment layer using a liquid reaction, i'ov’c-^’er, it 
can also be carried out Ly accurriulation of dicso''vc3 
inorganic substances on the particle surtacc. • 

(c) Formation of a Silicon Oxide Trralireijt taycr 

7ji example of the production of a silicon treaument 
layer on icetaiJic particles is shown in Fic-jre 4, In the 
piodjction of an aoueous solution of a silicate, particles 
have Leon dispersed in the 'olution, an acid is added and 
disolved to obtain undisscived silicates that precipitate 
to e sarfece of the particles. Hc»ever, adjustment of the 
pH cf the irixture of the silicate solution and acid is 
difficult. The conditions of the rate of audition of the 
acid and stirring to the solution have a strong effect on 
the properties of the treatment layer. Therefore, the 
uehhe-d in Figure 4 is preferred. 

The mechanism by which binding properties are improved 
involves substitution of the aluminum atoms with silicon 
atom, which form siloxane bonds in the silicate. These 
enter the precipitated particles and become anionic due to 
excess electrons at the substitution sites. It is 
particularly easy for these groups to bond with metals and 
alloy powders. Furthermore, the mechanism by which the 
surface treatment layers are produced by above-mentioned 
methocs In (a)-(c) is a topic for future studies. 
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Figure 4 Process By Which A silicate Surface Treatment 
Layer is Produced on Metallic Particle Surfaces 
. Key: a. metallic particles 

b. suspension in silicate aqueous solution 
r, addition of solvent that is compatible with water 

d. (formation of silicate compound layer) 

e. addition of acidic aluminum salt (for instance, 
aluminum sulfate) 

f. washing and drying 

g. (improvement of binding ability between particles 
and surface treatment layer) 


2.2 Surface Treatment by Coupling Agents 

Ti:e strength of composite nateriais, such as fiber 
glass-reinforced plastics, is related to the presence of 
strong bonds between the filler fibers and the plastic which 
forms the matrix. The surface of the filler is chemically 
treated to make these strong bonds. The treated materials used 
at this time are coupling agents. Typical coupling agents 
are called silane coupling agents and have the structure of 
RSi(0R')2. The R and OR' groups are shown in Table 2. 

Next, the function of the silane coupling agents are 
shown in Figure 5. A strong bond is formed between the 
powder and polymer via the coupling agent molecules. A 
coiTiparison of the case where a glass powder treated with a 
silane coupling agents is filled with a polymer and the case 
of an untreated material is shown in Figure 6. The treated 
glass powder adheres to the polymer, while there is no 
adherence between the untreated glass powder and the 
polymer. 

The process of treatment using a silane coupling agent 
in shown in Figure 7. 

As can be seen from the above-mentioned, the method of 
selection of the coupling agents should be based on 
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selection of a cf.biric^l structure where the functional group 
R in the coupling agents molecules reacts with the polymer. 

Examples of coupling agents used for these purposes are 
given belowo 

Silane coupling agents 
Organic titanium coupling agents 
(ibo PRO)^; tet.raisopropyltitanate» 

(nBuO/.Ti| tetrabutyltitanate 
(CigH-jO) .Ti> tetrastearyltitanate 
Isopropoxy titan 1 um stearate 
Titanium lactat<^ 

Chromium cov.}ling agents 
Volan (di Pont) 

Valchrome 5015 (Valchem) 

Sy rilperoxldes 


(CH.O„ 


Si 


Cll CM, 

/ 

'OO / 


CH, CM. 

^Si (OOH 
CM,^ 


OrganophoEphate Coupling Agents 


/15 


o 


R-O l\ 


/)M r . T ; . •/ f V 

^ . yk 


OM 


O 


R-P< 

OR 


HO ?/ 


OK 


K ; y t '1- . x'f /V. If-J- 
;i. , 2 T. -t- >V a 5^ A- , 
7, 

R ; y ^ /1-. Xt/v. ^ ■/ 

7*1’ t‘ A’, 


P; ethyl, butyl, 
iiioaryl gioups 


R /methyl, ethyl, butyl, 
2-etliylhexylf phenyl 


R;irethyl, ethyl, iso- 
propyl, octyl 
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2. Typical Silane Coupling Agents 
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Key: a. Structural formula 

b. Chemical name 

c. Polymer used 

d. Vinyltriethozysilane 

e. Gantma- irethe cryloxypropyltrimethoxysilane 

f . Gamma-aminopropyltriethoxy silane 

g . bet a-3 , 4-epoxy cyclohexylethyltrimethoxy silane 

h. Gamica-glycidoxypropyltrimethorysilane 

i. gamma-iiiercaptopropyltrimeiihoxysilane 

j. alkidesr polyethylene, polypropylene urethane 

k. phenols, epoxys, melamines, nylon, polyimides, 
polycarbonates 

i. butyls, epc'xyphenols, vinyl chloride, epi- 
ohlorhydrin 

m, neoprene, polysulfides, polybutadiene, urethane 
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Figure 5 Function of Coupling Agents 
Fey: a. matrix polymer 

b. coupling agent layer 

c. pevder surface 

d. bond formed by chemical reaction between 
functional R group and polymer 

e. bond formed by reaction between -OH, which is made 
by hydrolysis in coupling agent molecules and 

functional group at powder surface, for instance, 
-OH (surface hydroxide group) 
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Fio’ire 6 Results of Studying Binding with Polymer in Case 
of "silane Coupling Agent-treated and Untreated Glass Powder 
(Diameler of Several .vm) using Electron Microsope) 
(Nihon Unika Materials) 
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Figure 7 Coupling Agent Treatment Process 
Key: a. The silane coupling agent is dissolved in water 

(containing a trace of BCD or a solvent 
(containing a small amount of butyric acid) . 

b. Heat to lOO^C or less 
Coupling agent is pyrolyzed, 

c. The powder is added and dif erscd to form a 
slurry. 

A reaction layer of the coi^ling agent is formed 
on the powder surface. 

d. The powder is (iiegible) fr«^m the treatment 
solution and oried and is then heated at 150 C 
or less. 

e. The powder is heated again to 3C0 C or less 

to (illegible) the organic functional group R. 
An SO film is formed 

f. Complex material formed by mixing in matrix 
polymer. 

g. powder surface 


2.3 Formation of Polymer Treatment Layer 

One purpose of the treatment hear is to coat the 
surface with a poJyroer material as a protective layer that 
will protect the powder against humidity/ etc. When a 
slu..ry is made for the formation of the crude powder/ a small 
amount of polymer compound should be added as the binder. 

When the slurry is made/ the polymer is not simply added. It 
should be added so that the surface is pretreated with the 
polymer. A composite material is obtained by adding a 
ceramic powder to a polymer matrix. In order to improve 
mechanical strength/ the interaction between the polymer 
matrix and ceramic should be mainta^’.ed. The surface graft 
method is a method which provides good results by coating 
the powder with a polymer material that interacts strongly 
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or by reacting the polymer material with tho surface of the 
ceramic powder. These methods are surunarizod in Table 3. 

2.3.1 PolyT..erlsatlon of Absorption Monomer 

A Lonomer is dissolved in a solvent. The povCer is 
added to this to produce the slurry and the dissclved 
monomer is absorbed by the ceramic powder. Then the pcwd^r 
that absorbs the monomer is separated from the slurry. The 
monomer is polymerized with ^-ray ligntr ultraviolet light r 
etc.# to form a polymer layer. For instance# hydrogen 
carbide is absorbed by silica and activated charcoal. The 
hyd'-ocarbon that is absorbed is polymerized when irradiated 
vith 5^rays. Thus# a polypropylene layer is formed on the 
powder surface. When rinsed with xylene# 2-4% of the 
polypropylene remains. When ^rays cannot be used# 
polymerization can be performed by ultraviolet rays# etc. A 
phetosensitizer may be added to accelerate the reaction with 
ultraviolet rays. Monomers can also be polymerized by / 

radiation and light. In addition# the method whereby the 
monomer is polymerized by heat while adding a i ymerizaticn 
solvent such as benzoyl peroxide# etc.# is alsc .sed. 

Depending on the type of monomer# polymerization with heat 
only is also possible. 

A treatment example will be shown. It appears that the 
value is markedly impioved by improvement of the final 
product when a metallic alloy powder of iron# iron-cobalt# 
nickel# etc.# is used as the magnetic powder for magnetic 
tapes r disks. However# the powder itself actually 
oxidizes because of the increase in surface activity. 

Furtherroote, Ltere are powders that are difficult to use 
because there is a change that they will catch on fire when 
added to an organic binder. In order to protect the 
surface# surface treatment must be studied. THe formation 
of a polymer layer on the surface has been proposed. 

or ^€*20^ is reduced for 3 hours In hydrogen at 
350*^C to produce iron powder. This is cooled to room 
temperature while avoiding contact with air. T' en it is 
added in a benzene solution. The monomer used . this time 
is tetraethylene glycol dimethacrylate. 

The monomer concentration is within the range of 1:6 to 
1:15 (monomer : benzene ratio). When set aside# the monomer 
is absorbed by the powder. Next# the slurry is placed under 
reduced pressure at 60®C to vaporize the benzene. The 
dissolved monomer adheres to the iron particles to form a 
considerably thick monomer layer on the particle surface. 

This layer is polymerized to form a polymer layer. Next# 
this iron powder is added to mineral oil (solvent in which 
the monomer will not dissolve# heated to a high temperature) 
and is then stirred while being heated to 
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llO^C. Fo] yn rt < 7<?d film Is fo»'med in 4 hcnrs. This is then 
filtered to separal-e the iainc*al oil an 3 iror, powder. The 
renainin.^ I'.i nc • al oil is washed off vich h«.xunc. A poiyocr 
f ilm i 3 i h'* 1 •: I y r: from the monomc r • 
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Table 3. Formation of Polymer Treatment Films 
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The polymer reacts with other 


2.3.2. Application of Mechanochomical Effects 

Powders display a new surface when pulve’^ized or 
ground. This new surface is very rc active, because it has 
crystal defects. This type of powder uses the chemical 
activity of the new surface. 

When a polyner or monomer are placed in a pulverizer 
with a powder that is to be surface treated and mechanical 
force is applied, the powder develops a new active surface 
with pulverization. The mononer is abi^or')ed and, v:ben 
polymerized by the activity of the surface, a polyri'.er layer 
is produced. 

For instance, when a styrene emulsion is added to the 
calcium carbonate during pulverization, 1-1. b% of styrene 
bonds to the surface per powder weight. 

2.3.3. Formation of Treatment Layer by Graft Reaction 

The treatment layer is made by reacting the functional 
group of the particle surface with the polymer. An oxide 
powder, such as silica, titanium oxide, or aluminum oxide 
chemically absorbs v?ater and, as a result, a hydroxyl group 
is found on its surface. Part of the surface produces SiO^ 

with Sic when silicon carbides are used. As a result, 
the surface has a hydroxyl group. The surface becomes 
molybdenum trioxide when molybdenum disulfide is used and 
a hydroxyl group is similarly formed on the surface. 

The functional groups that will react with the polymer are 
generally hydroxyl groups. For example, Ti02 reacts with 

mothylol acrylamide. hTien Ti02 is dried for 1 hour at 100°C 

in rxygen and is added to the molten methylol acrylamide at 
80 ^C, which is then heated in an autoclave for approximately 
10 hours, the following reaction (grafting) occurs; 
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Kcyi a. suface reaction (grafting) 
b* polymerisation 

A polymer layer is formed on the TlO, surface, 'i* is product 
will thoroughly disperse in organic solvents. 


When there is no functional group on the particle 
surface# grafting does not occur. An exairple of the 
graphite will be shown. When graphite is treated with 
oxminium. oxide# hydroxyl groups form in a ring near the 
graphite surface. Next# when this is treated with I7al0^# 
the hydroxyl group changes tc a carbonyl group. This 
carbonyl . group acts as a functional group during polymer 
treatment. Next, when this is reacted with SnCl.# the 
carbonyl and SnCl. formed a surface cori.pI ex. Tne reaction 
of the complex results in graphitization of the graphite 
surface by the epoxy. This reaction is sh^vn below. 
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Key: a. benzene rlnge on graphite surface 

b, graphite surface 

c. epoxy resin 


The surface-treated graphite disperses thorcucV.ly in 
the epoxy resin. 

2,3.4 Treatment Using Phase Sparatlon 
(a) Method that Uses Water as Solvent 
Water-soluble polymers can be separated to the particle 
surface by adding an electrolyte or by adding a solvent that 
mixes with water# such as alcohol or acetone. The following 
polymers can be used. 

(1) Natural polymers: gelatin# caselne# Arabia gum, 
butyric acid starch# hydroxystarches# amino starches , 
methyl ceullulose# hydroxyetbylcel ulose# hydroxy methyl 
cellulose# etc. 
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(2) Synthetic polymers i polyvinyl, elcoholr polyvinyl 
pyrolidone# polyacrylate eoic^umr polyacrylanidef 
polyethylene oaide, polyethyl'-^neiBine, ionene-type 
polycations, polymeric surfac ants, etc. 

There are often times vhen vater ie used for ceramic 
molding and green sheet manufe^ture. Th use of the above* 
mentioned water-soluble polymers should be restricted to the 
type of surface treatment 

(b) Dee of Water Separation of Organic Solvents 

A powder is supended in an organic solvent and then a 
polymer ie added and mixed. Next, the polymer produces a 
treatment film on the surface of the powder because it will 
not dissolve. The method whereby a solvent is added that is 
soluble with regard to the polymerf the method whereby 
' another polymer is added that will separate the polymer, 
the method whereby the polymer is separated by beating, etc. 
are used. 


Conclusion 


/I 


Systematic research has not been carried out on the 
correlation betweer the properties of the final product and 
the surface treatment of the ceramic powder. Therefore, there 
have been no quantitative explanations of the results of 
surface treatment. Moreover, we anticipate surface 
treatment to be used to a considerable extent in the future 
and therefore, it should ultimately be studied. 

In conclusion, the author invites the reader to review 
the references for further information of surface treatment 
technology. [2] 
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